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We tried to develop a chlorophyll fluorescence imaging system to measure the mesophyll
conductance without touching the plant body. Initially, we provided that the mesophyll
conductance can be expressed with a relative index that is defined as the reciprocal of
the response time of chlorophyll fluorescence emission to a rapid reduction of air
pressure around the photosynthesizing leaf. A mature tomato leaf attached to the plant
was fixed in the transparent acrylic leaf chamber with the inner size of 100 ml and
acclimated to light (provided by blue LED) condition for stable photosynthesis. The
chamber was hermetically closed and the air inside the chamber was immediately sucked
by a manually powered pump. The air pressure inside the chamber decreased from 101. 3 kPa
to 50.7 kPa within 3 seconds and kept the air pressure less than 49 kPa for 10 seconds

During this procedure, the chlorophyll fluorescence intensity emitted by the leaf was
continuously measured with the chlorophyll fluorescence imaging system at a frame rate
of 13 fps. The response of chlorophyll fluorescence emission with the prompt reduction
of air pressure was quite rapid and the chlorophyll fluorescence intensity increased
within 0. 05 second after the reduction of air pressure. Hence, we concluded that it is
impossible to quantify the mesophyll conductance with this measurement systems and
hypothesis. On the other hand, we found that the developed chlorophyll fluorescence
imaging system and measuring method can be used to measure the photosynthetic rate. The
chlorophyll fluorescence intensity increased just after the reduction of air pressure
and reached to a peak at about 3 seconds after the reduction of air pressure. The height



of the peak showed a strong correlation with
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Fig.2 Schematic diagram of chlorophyll
fluorescenceimaging system with pulsedpressure
reductioninstruments
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Fig.3 Photo of the chlorophyll fluorescence imaging
system
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Fig.4 Changes in chlorophyll fluorescence intensity
induced by a pulsed (10 seconds) pressure reduction.
The downward double line arrow indicates the starting
of the pulsed pressure reduction. I -V represent
characteristic time points.
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Fig.6 Changes in Fm’ before and during a transient
response in chlorophyll fluorescence intensity induced
by a pulsed pressure reduction. The downward
double line arrow indicates the starting of the
pulsed pressure reduction. Upward arrows
indicate application of saturation light pulse.
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Fig.8 Relationship between photosynthetic rate and peak
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200, 400, and 600 pmol mol™ shown in Fig. 5
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